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Wheat in ancient Egypt

Middle Kingdom (2160-1785 B.C.)
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Resistance (R) gene-mediated immunity




Designated
genes In
wheat

Disease
R e ---.llll.lIIIII

Stripe rust 1

Leaf rust 1

Powdery mikiew 4

Stem rusl 1

Hessian Fly 4

Septoria tritici blotch 4

Stinking smut 1

Wheat green bug 1

Cereal cyst nematode A

Loose smut 4

Russian wheat aphid 4

Wheat blast 1

Fusarium head blight / Scab 1
wheat curl mite 1

Tan spot 4

Karnal bunt 4

Bacterial leaf streak -

Wheat Streak Mosaic 1
Stagonospora nodorum blotch 4
Sharp eye spot 1

Roo! rot nematode -

Barley Yellow Dwarf 4

Wheat Spindle Streak Mosaic 1
Spot blotch 1

Soil-Borne Cereal Mosaic 1
Root-lesion nematodes -
Rhizoctonia bare batch / root rot 1
Orange blossum wheat midge -
English grain aphid 1

Crown and root rol 4
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No. genes
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Leaf rust 1

Fusarium head blight / Scab -
Septoria tritici blotch -

Stripe rust 1

Spot blotch 4

Tan spot 1

Aphids -

Powdery mildew 1

Barley Yellow Dwarf 4

Stem rust

Stagonospora nodorum biotch

Disease

Crown and root rot 4

Sharp eye spot -

Rhizoctonia bare batch / root rot 4
Soil-Borne Cereal Mosaic 1
Root-lesion nematodes 4

Wheat blast

Wheat Streak Mosaic 1

Cereal cyst nemalode 4

Wheat Spindle Streak Mosaic 1

Loose smut 4

Fungal: Blotch
Fungal: Rust
Invertebrale
Viral
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No. cloned R genes
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Cloned wheat R genes

Disease Type

. Fungal
B Fungal: Blotch
Fungal: Rus!




Cloned wheat R genes
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Where can we
find these R
genes?
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Where can we

find these R
genes?
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Most genes have
been characterised
from Triticum
species

300 +

No. characterised genes

100 1

200 1

Primary

Soco;wdary Tonv-ary
Genepool

Origin_Genus

B Aegilops

B Agropryron

B Dasypyrum

B Elymus

B Leymus

o Secale
Thinopyrum
Triticum
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Effector cloning

* Cloning effectors has been lagging behind
* Molecular diagnostics of virulence

* Testing the function of cloned R genes

Parastagonospora Zymoseptoria
nodorum tritici

Puccinia graminis Blumeria graminis

15



L Target genes
— Core genes
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Aegilops tauschii
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Target genes

Core genes
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Chromosome flow sorting, amplification and sequencing

!
!

NLR

Steuernagel et al. (2016) Nature Biotechnology

Pargenome

Aot A2 x M)

Gorote

SUChang

AssOCabon
napeng

H gene srnchmen! seguencng
Whole gencrme sholoun seguencing

Cheomosome low soneyg

# -~
[}

& =
(V] M&u ..nﬂh.
- S
2e |3
N
[ )
R

wmc 20SaloNn|} D114-YvO

f

o ™~
o= ©
o)

- <

-l
-
[— ]

Sequencing

Sanchez-Martin et al. (2016) Genome Biology

Whole-genome shotgun sequencing

Total gDNA

Sequencing
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L Target genes
— Core genes
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Candidate gene
discovery in
Aegilops
tauschii by
GWAS

Trichome Number

4D: 510.28-510.81 Mb

Alpha-beta hydrolase

Spikelet Number

Resistant———» Susceptible

I "~
é D: 304.02-304,12 Mh

Trehalose
phosphate phosphatase

Powdery Mildew

Wheat Curl Mite

70: 4.76-5.08 Mb '\

Wheat tandem kinase

0
Resistant———» Susceptible

-

6 7

60:2,14-2,58 Mb

Nucleotide-binding
leucine-rich repeat

K. Gaura - S. Arora P. Silva

= 2=

J. Sanchez R. Horsnell

_J
B. Keller

Open Wild Wheat Consortium
Gaurav et al. (2021) BioRxiv



Quality-checking diversity panels




Significant
association




Quality-checking diversity panels

KAZ
UZB
o
TJ
\ (
AFG
‘ \\ PAK
7 4

Arora, Steuernagel et al. (2019) Nature Biotechnology
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A tiered sequencing approach

Pseudomolecule
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Sequencing - bells and whistles

Pseudomolecule

Haplotype block
Epigenetic status
Copy number variation

Gene level resolution —A— W —
AACGTGTCAGTCOGCAGCT Accl

Se fo ATGTACGTGT~~~TCGCAGCT Acc2
quence features ATGAACGTGT-~=TCGCACCT Acc3
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The Atlas budget

* 10 host and 9 pathogen diversity panels

* S$7.6 million for sequencing

~S50 million over 5 years for staff/consumables

375 full-time employment years
$2.9 million/year from each G20

Mark Luterbacher

Landraces
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Return on investment

51
. —
Wheat R gene atlas

reducing pathogen
losses by 1%
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R gene
deployment

Intormation on
curtent and local

Pathogen amersity

Race 1 Hacs Race 3
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R gene
deployment

2 frd rave recombines
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R gene
deployment

Intormation on
current and local

PAthogen dversty
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R gene
deployment

Dynamic diversity:
McDonald, 2014
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Gene stewardship
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Gene stewardship

R genes can be split into 3 groups:

* Group A

* Inherently durable
* Do not require stewardship

Widely defeated genes

O

Durable in the field

QQQ

Recessive, non-race-
specific immunity

Non-race-specific
immunity

34



Gene stewardship

R genes can be split into 3 groups:
* Group A
* Group B

 Vulnerable to defeat

Deploy only in stacks

Incentivise by awarding extra points to
cultivars with durable resistance

Atlas can be used to design markers to assess
R gene complement of existing varieties

Rank

R genes

4



Gene stewardship

R genes can be split into 3 groups:
* Group A
* Group B
* Group C

* Alien or synthetic R genes

* Deployment could be managed through
patenting

36
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Achieving the
resistance gene
machine

38



Thankyou

Biotechnology and
Biological Sciences
Research Council

xoo norwich research park
e &e Doctoral Training Partnership

2BLADES

FOUNDATION

Brande Wulff

Robert Bowden Figure design Taxonomic classifications
USDA-ARS Tobin Florio Michiel van Slageren
https://flozbox-science.com/

Patent searches
Budget guidance Simon Aspland
Mark Luterbacher

Sanu Arora David Gilbert

John Innes Centre, Norwich Find our preprint on Zenodo: https://zenodo.org/record/4469514#.Y)J4-6IKhpS



https://flozbox-science.com/
https://zenodo.org/record/4469514

